Summary. Male and female rats were fed a diet deficient in essential fatty acids for 5 months, starting at weaning. Some of these animals received no other treatment, while others were given prostaglandin E2, methyl arachidonate or a regular diet (Purina Lab Chow). At 3 and 6 months of age, the experimental rats were mated with untreated animals. At 3 months, only seven of eleven males fed the fat-free diet alone were fertile, while all males in the other three groups were fertile. At 6 months, five of eleven males fed the fat-free diet alone, ten of eleven males fed the fat-free diet plus methyl arachidonate, and all rats treated with prostaglandin or fed the regular diet were fertile.
INTRODUCTION
A deficiency of essential fatty acids (EFA) has been shown to result in failure of reproduction in both male and female rats (Burr & Burr, 1929 , 1930 . Delayed implantation, prolonged gestation, fetal maceration and résorption were produced in female rats (Burr & Burr, 1930; Evans, Lepkovsky & Murphy, 1934a, b, c) , and impaired sexual behaviour and sterility were the major symptoms in male rats (Burr & Burr, 1930; Evans et al., 1934c) . Panos & Finerty (1954) reported that, in male rats fed a fat-free diet for 20 weeks, the relative weights of the testes, prostate and seminal vesicles were not changed, but the seminiferous tubules showed various degrees of vacuolation within and . . Hafez between cells, and a reduction in the number of spermatids and mature sperma¬ tozoa. In further studies, Panos, Klein & Finerty (1959) showed that testicular weight was maintained despite decreased body weight gain until the 10th week on a fat-free diet, after which a progressive degeneration occurred. They also described changes in the cytology of the pituitary indicating a prepon¬ derance of LH-producing, and a scarcity of FSH-producing, cells Aaes-Jorgensen, 1961 , for review). Prostaglandins (PGs) can produce many physiological and pharmacological effects (see recent reviews by Bergstrom, Carlson & Weeks, 1968; Ramwell & Shaw, 1970; Pharriss, Tillson & Erickson, 1972) . Prostaglandins are present in the human female reproductive tract (Pickles, Hall, Best & Smith, 1965) , and in the semen of some species (Horton & Thompson, 1964; Bygdeman & Samuelsson, 1966; Hawkins, 1969; Bygdeman, Fredricsson, Svanborg & Samuelsson, 1970) . Prostaglandins can be synthesized in the testis and can affect contractions of the testicular capsule (Hargrove, Johnson & Ellis, 1971 (Clermont & Harvey, 1967; Bartke & Lloyd, 1970) . Another testis was homogenized in an ethanol : acetone mixture and used for determination of the content of esterified and free cholesterol (Bartke, 1969) .
Vaginal smears were prepared daily from the experimental females, and each female had exhibited at least two oestrous cycles before being exposed to a normal male. Two experimental females in pro-oestrus were caged overnight with a normal fertile male. The pregnant, i.e. mated, females were caged individually and the length of gestation as well as the number of young were recorded. The lactation efficiency index was calculated as the number of live young at the end of the 1st week/the total number of live young born.
All females were mated again 2 months later, i.e. after 5 months on the respec¬ tive diets, and were killed on Day 12 of pregnancy. The numbers of implants and of corpora lutea were recorded, and the ovaries were weighed.
The data obtained were analysed by analysis of variance, Duncan's test (Duncan, 1955) , 2 test for heterogeneity and by Fisher's exact probability tests.
RESULTS

Male fertility
Male rats fed a fat-free diet grew more slowly than those fed Purina Lab 276 . . Hafiez Chow (Text- fig. 1 ). Administration of MA improved the growth rate, while injecting PGE2 decreased it. After 10 weeks, the gain in body weight relative to that of the control rats was 90% for the MA-fed rats, 75% for the rats on fat-free diet alone, and 63% for the rats injected with PGE2 (Text- fig. 1 ). At the termina¬ tion of the experiment, the weight of the rats receiving the fat-free diet and MA was 87% of that of the controls, while the rats from groups given the fat-free diet alone or in combination with PGE2 reached only 75% of the control weight. Weeks of experiment After 3 months of treatment, only 64% of the males fed the fat-free diet and given no supplementary treatment were fertile, while all the males in the other three groups sired litters (Table 1) . This difference was significant (P<0-02). Of the four males which did not impregnate females, three apparently failed to mate. The average number of implants did not differ in any of the groups.
At 6 months of age, only five of the eleven males in the group fed the fatfree diet were still fertile (Table 2) . One male in the group receiving MA failed to mate, but all the males in the other two groups sired litters. The difference between the group receiving only the fat-free diet and the other groups was PGE2 and rats on a fatty acid-deficient diet 277 significant (P<0-01). As in the earlier trial, however, there was no reduction of the number of implantation sites in females mated to experimental males.
The mean relative testis weight (Table 2) was significantly greater in the group fed the fat-free diet alone than in that supplemented with PGE2 or that given the control diet. The mean relative testis weights did not differ between the groups fed the fat-free diet supplemented by PGE2 or MA, and those fed the normal diet. The absolute testis weight for the PGE2-treated group and the absolute seminal vesicle weight for the group fed only the fat-free diet were significantly smaller than those for all other groups, which did not differ from each other. By contrast, the mean relative weight of the seminal vesicles for the PGE2-treated group was significantly greater than for all other groups, which did not differ from each other. Table 3 . The mean numbers of both generations of primary spermatocytes and early spermatids were significantly lower in the rats given the fat-free diet alone or the fat-free diet supplemented with PGE2 than in those given the regular diet or the fat-free diet with MA. The mean concentration of esterified cholesterol in the testes of rats given the fat-free diet and PGE2 was significantly greater than in the remaining three groups (Table 3 ). The con¬ centration of free cholesterol in the testes did not differ in any of the groups.
Female fertility
The growth of the females kept on the fat-free diet, whether supplemented or not, was less than that of the females kept on the regular diet, but the effect of fat deficiency was not as pronounced as it was in males. The gain in weight at 10 weeks for groups fed the fat-free diet alone or receiving PGE2 was 88%, and for the group receiving MA was 93% of the control value (Text-fig. 2 ). The apparent increase in body weight at about 13 weeks was due to pregnancy, but this was followed by a retardation in the rate of growth or even a sharp fall after parturition and during lactation. By 23 weeks (6 months of age), the mean body weight of females fed only the fat-free diet was 83% of the control The mean time interval ( + S.E.) between birth and the first opening of the vagina was significantly delayed in all females fed on the fat-free diet, being 41-3+1-0, 42-1 + 1-7 and 39-2+1-3 days for groups receiving no treatment, PGE2, and MA respectively, compared to 35-9 + 0-5 days for the controls. Oestrous cycles were irregular and prolonged (6 to 8 days) in females kept on the fat-free diet alone but were regular (4 to 5 days) in the other three groups.
All females were fertile. (Table 4) .
The average litter size was significantly smaller for the group on the fat-free diet than for the controls. Treatment with PGE2 or with MA apparently in¬ creased the litter size. The mean litter size for females receiving the fat-free diet supplemented with PGE2 was significantly greater than in the group fed the fat-free diet alone, but not different from that of the groups fed the fat-free diet supplemented with MA or a regular diet.
The lactation efficiency index during the 1st week of lactation was signifi¬ cantly lower in the PGE2-treated females than in the females of the other three groups, which did not differ from each other. No significant changes were observed in the sex ratio of the offspring (Table 4) .
At 6 months of age, the females were mated again, and the fertility of those fed the fat-free diet and fat-free diet supplemented with PGE2 (Table 5 ) was even better than that of the controls fed on Purina Lab Chow. In the group receiving MA, three females would not mate. In the control group, one rat would not mate and two others became pseudopregnant after they had mated. At autopsy, there were significantly more corpora lutea present in the ovaries of the controls than in the other three groups. By contrast, the numbers of implanta¬ tion sites did not differ significantly between groups. Thus, in the controls fed the regular diet, there was a much greater preimplantation loss of eggs than in any of the other groups. The mean ovarian weight was significantly larger in the controls than in all other groups, and was smallest in the group fed the fat-free diet supplemented with PGE2 (Table 5) .
DISCUSSION
Male fertility
In the present study, administration of PGE2 to male rats fed an EFA-deficient diet resulted in improvement in their fertility from 45% to 100%. This may be compared with an improvement to 91% after MA administration. While our findings do not permit any definite conclusion as to the possible mechanism of the action of PGE2, it seems possible that PGE2 may alter the effect of trophic hormones on the testis as it does for the action of LH on the ovary (Kuehel et al., 1970) . The PGEs in the seminal plasma of some species affect sperm transport in the female reproductive tract through stimulation of the motility of uterine and tubai smooth muscle. Brenner, Peluffo, Mercuri & Restilli (1966) reported that, in 'alloxan diabetic' rats, the testes and seminal vesicles are atrophie and that these changes can be reversed by feeding ethyl arachi¬ donate.
In our experiments such pronounced infertility as that seen by Burr & Burr (1930) , Evans et al. (1934c) , Panos & Finerty (1954) , Panos et al. (1959) and Panos (1963) (Table 3 ). The weight of the seminal vesicles, however, was significantly greater in the rats receiving PGE2 than in those in the remaining three groups. Decrease of androgen formation by the rat testes after administration of PGE2 was reported by Ellis & Baptista (1969) . Free & Jaffe (1972) reported that both PGE2 and PGF2ct reduced blood flow through the rat testes. While the effect of PGs depends on the dose, and on the physiological condition of the animal, it seems likely that the beneficial effects of PGE2 on the fertility of males fed the fat-free diet might have been due to corrected testicular function rather than to androgen synthesis. Accumu¬ lation of esterified cholesterol in the testes supports the conception of decreased androgen synthesis (Ahluwalia, Shima & Pincus, 1968; Bartke, 1971 ; Hafiez & Bartke, 1972) .
Prostaglandins have been found in human seminal plasma (Horton & Thomp¬ son, 1964; Bygdeman & Samuelsson, 1966; Hamberg & Samuelsson, 1966) as well as in the semen of goats, sheep and rabbits (Eliasson, 1959; Horton & Thompson, 1964; Bygdeman & Holmberg, 1966) . Several studies have demon¬ strated a relationship between the prostaglandin content of the seminal plasma and human fertility (Bygdeman & Samuelsson, 1966; Hawkins, 1969 (Bergstrom, Danielsson & Samuelsson, 1964; Anggard & Samuelsson, 1965; Bergstrom, 1967; Foss, Takeguchi, Tai & Sih, 1970; Pace-Asciak & Wolfe, 1970) . In rats given an intratesticular injection of [14C]linoleic acid, the labelled substrate was incorporated into PGE,, PGE2, PGFla and PGF2it (Carpenter & Wiseman, 1970) .
Linoleic and arachidonic acids have the greatest therapeutic effect in the EFA-deficiency syndrome, while linolenic acid is less effective (see Deuel & Greenberg, 1950 for references). Arachidonic acid can also be formed from dietary linoleic acid (Mead, Steinberg & Howton, 1953) . Of the naturally occurring unsaturated fatty acids, only dihomo-y-linoleic and arachidonic acids formed prostaglandins with a high biological activity (Struijk, Beerthuis, Pabon & van Dorp, 1966; Beerthuis et al., 1968) . A remarkable correlation appears to exist between the therapeutic activity of certain polyunsaturated fatty acids in the EFA-deficiency syndrome and the ease of conversion of the same fatty acid into biologically active prostaglandins.
